Complication rates following percutaneous interventions have decreased over the past decade due to advancement in both interventional equipment and procedure technique. Despite these advances, the risk of iatrogenic perforations still exists with associated high morbidity and mortality. We are presenting three cases of guidewire-induced perforations including coronary artery and renal artery perforation with their complications and successful management in these case-series.
Introduction
In this age of advancing technology and expertise, catheter-based diagnostic and interventional procedures are now being performed with increasing frequency. This has inadvertently led to an increase in the incidence of catheter-related complications. One such potentially critical complication is guidewire-induced perforations. There are several factors which influence the selection of treatment strategies. The patient can be managed con-servatively, deploying covered stents or through surgical intervention. Although these are rare events following percutaneous intervention, the fact that these can lead to near-fatal iatrogenic complications makes their timely diagnosis and subsequent successful management vital. We report three cases of guidewire-induced perforations, including two coronary artery perforations and one renal artery perforation and discuss the management of these cases. All these cases are unusual in their presentation (clinically apparent after the interventional procedure). The follow-up events and their management would provide an important guidance for any such unforeseen complications. (Boston Scientific Corp., USA) was deployed at 10 atmospheres for 16 sec. Post stenting LAD angiogram showed TIMI-III flow. LCX and OM lesions were crossed with 0.014" BMW guidewire, pre-dilated with 1.5 mm × 15 mm Minitrek (Abbott Vascular, USA) and 2.0 mm × 10 mm Maverick balloons (Abbott Vascular, USA). The stenting of LCX to OM branch was done with 2.5 mm × 32 mm PROMUS Element TM stents (Boston Scientific Corporation, USA) at 12 atmospheres and 14 atmospheres respectively. Post-stent dilatation was carried out with 2.5 mm × 15 mm Sapphire non-compliant balloon (Asia Cardiovascular Pvt. Ltd., Hong Kong) with TIMI-III antegrade-flow.
In view of diabetes with multi-vessel stenting and total occlusion of RCA, PCI of RCA was planned 2 days later to avoid contrast nephropathy. During PCI of RCA, the vessel was engaged through right femoral route using 6-Fr sheath and 6-Fr JR side hole guiding catheter. We used 0.014" Shinobi guidewire to cross mid RCA lesion. After crossing mid RCA lesion, the lesion was dilated with 1.2 mm × 15 mm Minitrek balloon which resulted in antegrade flow across mid to distal RCA. Check angiogram (Figure 2(C) ) showed mild staining and extravasation of distal RCA due to guidewire-induced perforation, treated with prolonged balloon inflations to occlude mid RCA to reduce extravasation of distal RCA. Procedure was completed and the patient was shifted to ICCU with stable haemodynamic status. The patient developed hypotension and tachycardia along with profuse sweating and cold and clammy extremities after 1 hour of PCI. Echocardiography showed pericardial effusion and dilated IVC. Emergency pericardiocentesis was done using pigtail catheter through the sub costal approach and about 300 ml of haemorrhagic fluid was aspirated. Patient was shifted back to ICCU with markedly improved hemodynamic status, pigtail drainage was continued. Approximately after 4 hours, patient suddenly deteriorated with cardio respiratory arrest. Pigtail was replaced due to suspicion of pigtail blockage and 200 ml of haemorrhagic fluid was aspirated which resulted in improved haemodynamic status and recovery of consciousness. Check angiogram of RCA showed persistent extravasation (Figure 2(D) ) and so coil closure of RCA was planned by using two 3 mm NESTER TM embolization coils (COOK, Bjaeverskov Denmark). RCA was engaged with right guiding catheter and 0.014" BMW guidewire was placed in RCA over which 2.6 Frmicrocatheter was introduced to mid RCA level over the exchange length stabilizer guidewire. Prior to coiling, check angiogram showed dissection of proximal to distal RCA which resulted in total occlusion of mid RCA after removal of micro catheter, hence coiling was avoided. Final check angiogram of RCA showed total occlusion of mid RCA with no extravasation of distal RCA (Figure 2(E) ). The patient was shifted to ICCU in a stable status with markedly improved hemodynamic status and he was discharged 3 days later with total relief of cardiovascular symptoms.
Case-Report 3
A 18-year-old female, a known case of renovascular hypertension secondary to Takayasu arteritis, presented with signs and symptoms of acute renal failure with severe acidosis. She was in aneuric phase in spite of daily haemodialysis for the last 4 days. She also had asymmetric pulses of both upper limbs (right upper limb BP 210/110 mm Hg, left upper limb BP 170/100 mm Hg and no right radio-femoral delay). Abdominal ultrasound & color Doppler evaluation showed total occlusion of left subclavian, celiac axis, superior mesenteric artery as well as occlusion of both renal arteries. These findings were confirmed with computerized tomography (CT) angiogram (performed along with dialysis support) (Figure 3(A)-Figure 3(D) ). Right kidney was normal in size (10.5 cm × 4.3 cm) whereas left kidney (5.5 cm × 2.6 cm) was non-functioning which was confirmed with Diethylene Triamine Penta-acaetic Acid (DTPA) scan.
Right renal artery stenting was planned through left femoral route due to hemodialysis catheters in the right groin. Due to total occlusion of the right renal artery just at the ostium with cranially looking origin of right renal artery resulted in lack of guide catheter support from the left femoral approach, could not cross the occluded right renal artery in spite of using various guidewires. Finally, the right renal artery was engaged through 6-Fr Judkins guiding catheter (Precision Extrusion, Inc., New Jersey) through the right brachial approach. Various approaches were attempted to cross the lesion with 0.014" BMW and pilot guidewires but the approaches failed and ultimately the lesion was crossed with 0.014" Shinobi guidewire, and serial dilations were carried out with 11.5 mm × 10 mm Europa CTO Balloon (Rantis, Switzerland), 2.0 mm × 15 mm Mini Treck Balloon (Abbott Vascular, US), 3.5 mm × 15 mm NC Treck Balloon (Abbott Vascular, US). While crossing with balloon support, the guidewire tip inadvertently migrated distally (due to the tight lesion) and it resulted in perforation of one of the peripheral branches of the right renal artery (Figure 4) .
After balloon angioplasty, check angiogram showed well dilated proximal portion of right renal artery with good antegrade flow, irregular margins of the proximal right renal artery and extravasation of one of the peripheral branches of right renal artery resulting in loin pain. Stenting of right proximal portion of the right renal artery was done with 5.0 mm × 15 mm Express ® balloon mounted stent (Boston scientific). In view of the persistent extravasation with loin pain, coil embolization of peripheral branches of the right renal artery was done with 3 straight coils 0.014" × 1 cm (Cock Company) using 0.21 microcatheters and 0.18 guidewire (Figure 4) . Check angiogram showed well implanted stent with good antegrade flow without any extravasation.
The patient developed mild hematomas at brachial & left femoral catheter sites and abdominal ultrasound showed hypoechoic collection in the right renal subcapsular space measuring 10.6 cm × 3.6 cm with thick internal echos. A hypoechoic collection was seen in the posterior para-renal space, extending along the psoas muscle. Hemoglobin level dropped from initial 9.1 gm% to 5.7 gm% and 2 units of blood transfusion was given. After 36 hours of the procedure, the patient had improved urine output with fall of serum creatinine from initial 7.7 gm% to 1.1 gm% without any dialysis support from second post-stent day onwards. Patient also had relief of abdominal pain, recovery of ileus, resumed oral fluids and was ambulated from the 4th day. The medications administered were immunosuppressant (azathioprine), steroid (methylprednisolone) and antihypertensive medications (metoprolol and amlodipine). Patient was discharged in a stable condition with total relief of symptoms after 6 days of the procedure.
Discussion
Guidewire-induced perforation is a known but rare and fatal aftermath of percutaneous interventional procedures. The reported incidence of angiographic evident coronary artery perforation is found to be 0.1% which may likely to increase from 0.5% to 3.0% while treating more complex lesion (chronic total occlusion, angulated calcified type B2 and type C lesion, eccentric lesion, small vessel size, long > 10 mm lesion) and with more aggressive interventional techniques [1] - [4] . Risk factors for perforation include diseases i.e. hypertension, diabetes and chronic renal failure as they tend to increase calcification. The association between the use of glycoprotein IIb/IIIa and perforation is controversial. In this case-series, we have reported two cases of iatrogenic perforations of coronary artery and one case of renal artery along with their successful management.
As per Ellis et al. [5] classification, angiographically documented perforations are classified into 3 categories: Type-1 refers to an extraluminal crater without contrast extravasation and rarely developed tamponade or resulted in ischemia and they may be very difficult rather impossible to distinguish angiographically from localized dissections. Type 2 perforation indicates presence of pericardial or myocardial blush without contrast jetting, associated with delayed tamponade (up to 24 hours at least) and if there was a contrast jetting with frank perforation, it is defined as type 3 perforation. Type 3 perforations are associated with abrupt tamponade, may need for urgent bypass surgery with high mortality.
Perforation at the site is usually immediately apparent in most of the patients. However in many reported cases this complication had become clinically apparent even after 24 hour of the intervention [6] [7] . After the perforation has been diagnosed, the treatment strategy will vary depending on the clinical situation including the size of the perforation, the hemodynamic status of the patients as well as the extent of contrast extravasation, if any. The conservative management strategy of the perforation include rapid reversal of anticoagulation or antiplatelet therapy, balloon tamponade-prolonged inflation of an angioplasty balloon proximal to or at the level of the perforation to seal the site of perforation and if leakage persists the occlusion of the distal vessel by delivering thrombin, collagen, polyvinyl alcohol, gel foam, subcutaneous fat or even autologous blood using microcatheter at the target vessel site [5] [8]- [10] . An emergency pericardiocentesis performed if patient develop cardiac tamponade. Echocardiography guided pericardiocentesis has been shown to be safe and effective for the management of catheter related perforation and tamponade [11] . Further management depends upon control of bleeding and ranges from percutaneous covered stents/grafts to surgery.
In our first reported case, the patient became hemodynamically unstable due to pericardial effusion possibly because of perforation after six hour of the stent implantation in D1 branch. However, we did not see any extravasation either during the procedure or during follow-up check angiography. We suspected type-1 perforation in this patient. Cardiac tamponade can occur in about 11% -46% patients experiencing coronary artery perforation post-PCI [12] . We aggressively treated the patient with an emergency pericardiocentesis. The patient became hemodynamically stable within twelve hours of drainage of hemorrhagic fluid and discharged in stable condition.
In second case also, the patient repeatedly developed pericardial effusion and finally cardiac arrest after 4 hours of the intervention even though the perforation (which was of type-2) in the RCA during procedure was successfully treated with prolonged balloon inflation. The patient was successfully managed by removing haemorrhagic fluid from pericardial space using pigtail but it should be noteworthy that pigtail drainage block can compromise the clinical status of the patient. Due to the persistent extravasation, coil closure of RCA was planned. However, prior to coiling check angiogram showed dissection of proximal to distal RCA which resulted in total occlusion of mid RCA and hence coiling was avoided. The patient discharged from the hospital without any complication.
Similarly, in third case, iatrogenic type-2 perforation occurred in the peripheral branches of the right renal artery while treating the patient for total occlusion just at the ostium of the artery. As patient experienced loin pain due to extravasation, coil embolization of peripheral branches of the right renal artery was done. However, the extravasation resulted in to hemorrhage in the right renal subcapsular space. Renal subcapsular hemorrhage may be a life-threating problem as seen in this case. It requires early detection and immediate intervention.
Conclusion
Despite the availability of innovative equipment and novel techniques, the risk of arterial perforation still exists when performing percutaneous interventions. These three cases demonstrate the possible complications including cardiac tamponade, pigtail drainage block, and persistent exravasation in spite of the management of the guidewire-induced perforations. Close observation of the patient is crucial for the management of these secondary potentially catastrophic complications.
